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The process of neutral-current coherent elastic neutrino-nucleus scattering, consistent with the
Standard Model (SM) expectation, has been recently measured by the COHERENT experiment at
the Spallation Neutron Source. On the basis of the observed signal and our nuclear calculations for
the relevant Cs and I isotopes, the extracted constraints on both conventional and exotic neutrino
physics are updated. The present study concentrates on various SM extensions involving vector and
tensor nonstandard interactions as well as neutrino electromagnetic properties, with an emphasis
on the neutrino magnetic moment and the neutrino charge radius. Furthermore, models addressing
a light sterile neutrino state and scenarios with new propagator fields—such as vector Z′ and scalar
bosons—are examined, and the corresponding regions excluded by the COHERENT experiment are
presented.
I. INTRODUCTION
The observation of coherent elastic neutrino-nucleus
scattering (CEνNS) was reported for the first time by
the COHERENT experiment at the Spallation Neutron
Source (SNS) [1], more than four decades after its initial
prediction [2–4]. A good agreement with the Standard
Model (SM) expectation was obtained for neutral cur-
rents within a period of 308.1 live days, during which the
COHERENT experiment detected neutrinos generated
from pion decay, scattered off a low-threshold sodium
doped CsI[Na] scintillator [5], at the 6.7σ confidence level.
Such a breakthrough discovery—apart from completing
the SM picture of neutrino interactions with nucleons
and nuclei—stands out as a prime motivation to search
for new phenomena beyond the SM [6, 7], opening a win-
dow towards unraveling some of the most fundamental
questions in astroparticle and nuclear physics [8].
Neutrinos are highly regarded as substantial tools to
investigate the interior of dense objects in astrophysi-
cal environments and the evolution of massive stars such
as supernovae [9, 10]. In addition, the neutrino floor
constitutes an irreducible background for rare event ex-
periments, and thus—in terms of Dark Matter (DM)
searches—CEνNS is of special interest [11–15]. This
motivated numerous studies concerning the theoretical
description of SM lepton-nucleus scattering, where both
coherent and incoherent channels were comprehensively
studied [16–18]. For this purpose, reliable theoretical
nuclear physics calculations have provided the neces-
sary nuclear ingredients [19, 20]. Nowadays, the in-
creased experimental activity has given a new momen-
tum to CEνNS investigations, and theoretical works
exploring the prospect of addressing further questions
within [21, 22] or beyond the SM constantly appear [23–
26]. The relevant studies have mainly involved vectorial
or tensorial nonstandard interactions (NSIs) of neutri-
nos with quarks [27–30], neutrino electromagnetic (EM)
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properties [31, 32], light sterile neutrinos [33–36], and
new exchange mediators [37–40], which open up new and
interesting topics in the field of neutrino physics [41, 42].
From the perspective of experimental physics, the elu-
sive CEνNS signal has triggered intense efforts towards
its measurement and apart from COHERENT [43], other
prominent projects are in preparation worldwide, in-
cluding experiments exposed to neutrino emissions from
nuclear reactors such as TEXONO [44], CONNIE [45],
MINER [46], νGEN [47], CONUS [48], Ricochet [49],
and ν-cleus [50]. Due to the tiny detection signal, the
hunt for CEνNS requires innovative technologies, accel-
erating further advances in neutrino detection techniques
in order to achieve the required ultra low-threshold op-
eration level and background reduction. By employing
cryogenic detectors [51], scintillator crystals [52], charge
coupled devices [53], the development of HPGe mate-
rial [54], and the use of liquid noble gases such as LAr,
LXe, etc. [55], experimentalists expect not only to con-
firm the COHERENT data, but also to demonstrate sig-
natures of new physics at low energies [56]. It is worth
noting that the COHERENT program includes plans for
further upgrades, exploiting a variety of target materi-
als, different detection technologies, and ton-scale detec-
tors [57].
In this work we first perform simulations of the CEνNS
spectrum recently recorded by the COHERENT exper-
iment on the basis of our nuclear physics calculations.
Then, we explore the sensitivities to various parameters
within and beyond the SM by assuming a class of differ-
ent exotic interactions. Specifically, one of our main aims
is to update the previous constraints within the frame-
work of models involving NSIs, neutrino magnetic mo-
ments, the neutrino charge radius, sterile neutrinos, and
new exchange mediators.
This paper is organized as follows. In Sec. II we com-
pare our theoretical results with the COHERENT data
and examine the sensitivity to the weak mixing angle. In
Sec. III we describe the adopted new physics interactions
and demonstrate COHERENT’s limits for the models in
question. Finally, our present results and main conclu-
sions are summarized in Sec. IV.
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2II. CEνNS WITHIN THE SM AND THE
COHERENT EXPERIMENT
The SM prediction for the differential cross section of
CEνNS with respect to the nuclear recoil energy TN , for
neutrinos with energy Eν scattered off a nuclear target
(A,Z) and ignoring negligible (TN/Eν) terms, can be
written in the form [2]
dσSM
dTN
(Eν , TN ) =
G2FM
pi
[
(QVW )2
(
1− MTN
2E2ν
)
+ (QAW )2
(
1 +
MTN
2E2ν
)]
F 2(TN ) ,
(1)
where GF is the known Fermi coupling constant and M
is the nuclear mass. The vector (QVW ) and axial-vector
(QAW ) weak charges read
QVW =
[
gVp Z + g
V
nN
]
,
QAW =
[
gAp (Z+ − Z−) + gAn (N+ −N−)
]
,
(2)
where Z± (N±) denote the number of protons (neutrons)
with spin up (+) and spin down (−), respectively, while
gAp (gAn ) stand for the axial-vector couplings of protons
(neutrons) to the Z0 boson. For most nuclei the axial
contribution is tiny since the ratio QAW /QVW ∼ 1/A, while
for spin-zero nuclei it holds that QAW = 0. In the rest of
this work, focusing on the CsI detector, we safely ne-
glect the axial-vector part in Eq.(1), and the differential
cross section is enhanced by the coherent superposition
of single-nucleon cross sections through the vector SM
weak charge QVW . The corresponding vector couplings of
protons (gVp ) and neutrons (gVn ) to the Z0 boson are ex-
pressed through the weak mixing angle sin2 θW = 0.2312
by the known relations gVp = 1/2 − 2 sin2 θW and gVn =
−1/2. Thus, within the SM, CEνNS is flavor blind and
scales with ∼ N2. In Eq. (1), the finite nuclear size sup-
presses the cross-section magnitude through the Helm-
type nuclear form factor [58],
F (Q2) =
3j1(QR0)
QR0
exp
[
−1
2
(Qs)2
]
, (3)
where j1(x) denotes the first-order spherical-Bessel func-
tion and −qµqµ = Q2 = 2MTN is the momentum trans-
fer during the scattering process. Here, R20 = R2 − 5s2,
with s = 0.5 fm and R = 1.2A1/3 fm denoting the surface
thickness parameter and the effective nuclear radius, re-
spectively.
During the first run of the COHERENT experiment,
the total number of protons on target (POT) delivered
to the liquid mercury target was NPOT = 1.76× 1023 [1].
The SNS neutrinos, produced via the pion decay chain,
correspond to an average production rate of r = 0.08
neutrinos of each flavor per proton. Specifically, pion
decay at rest (DAR-pi) pi+ → µ+νµ produces monoener-
getic muon neutrinos νµ (prompt neutrinos with Eν =
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29.9 MeV), followed by a beam of electron neutrinos νe
and muon antineutrinos ν¯µ (delayed neutrinos) generated
by the subsequent muon decay µ+ → νee+ν¯µ [59]. In this
analysis we treat separately the form factors entering the
Cs and I cross sections and consider the experimental
neutrino energy distributions λνα(Eν) taken from Fig. S2
of Ref.[1]
The calculated number of events, after taking into
account the detection efficiency a(TN ) (see Fig. S9 in
Ref. [1]) of COHERENT, reads
NSMνα =
∑
x=Cs,I
Kx
∫ Emaxν
Eminν
λνα(Eν)dEν
×
∫ TmaxN
TminN
a(TN )
dσxSM
dTN
(Eν , TN )dTN ,
(4)
where Kx = trunNxtargΦν . The exposure time is trun =
3308.1 days and the neutrino flux is Φν = rNPOT4piL2 , where
L = 19.3 m is the distance from the detector to the DAR-
pi neutrino source, r = 0.08 denotes the number of neu-
trinos per flavor produced for each proton on target, and
NPOT = NPOT/trun. Here, the number of target nuclei
for each isotope x = Cs, I is evaluated in terms of Avo-
gadro’s number NA, the stoichiometric ratio η of the cor-
responding atom, and the detector mass mdet = 14.57 kg
as
Nxtarg =
mdetηx∑
xAxηx
NA , (5)
ignoring tiny contributions from the sodium dopant [5].
In our effort to simulate the COHERENT spectrum, we
evaluate the expected number of events with respect to
the observed number of photoelectrons nPE recorded by
the experiment through the relation nPE = 1.17 TN(keV) [1].
Our theoretical results are depicted in bins of two photo-
electrons in Fig. 1 and are compared with the COHER-
ENT data.
The measurement of CEνNS is widely considered as
an important tool for testing fundamental parameters in
the electroweak sector at low energies [31, 32, 43]. At
this stage, we are interested in extracting constraints on
the weak mixing angle from the recent COHERENT data
through a pull test. To this purpose, we perform a sen-
sitivity analysis by varying the value of sin2 θW ≡ s2W
and—following the method of Ref. [1]—we treat the mea-
surement as a single-bin counting problem on the basis
of the χ2 function,
χ2(s2W ) = min
ξ,ζ
[(
Nmeas −NSMνα (s2W )[1 + ξ]−B0n[1 + ζ]
)2
σ2stat
+
(
ξ
σξ
)2
+
(
ζ
σζ
)2 ]
,
(6)
where Nmeas = 142 (547 beam ON minus 405 AC, see
Ref. [1] for details) is the number of events measured
by the COHERENT experiment and NSMνα (s
2
W ) is eval-
uated from Eq.(4) by summing over all neutrino flavors
for the interesting 6 ≤ nPE ≤ 30 region. In the lat-
ter expression, the statistical uncertainty is defined as
σstat =
√
Nstat + 2Bss +B0n and takes into account the
beam-related background (B0n = 6) and the steady-
state background (Bss = 405) [1]. The uncertainty con-
cerning the signal rate (e.g., the flux, quenching factor,
and acceptance uncertainties) is incorporated by adopt-
ing the value σξ = 0.28, while the value σζ = 0.25 ac-
counts for the uncertainty in estimating B0n (for more
details, see Ref. [1]). Figure 2 illustrates the correspond-
ing limits to the weak mixing angle sin2 θW . For com-
pleteness, in our present calculation we have also consid-
ered a more simplified χ2 function that involves a single
nuisance parameter (e.g., neglecting steady-state back-
ground uncertainties). This determination of the weak
mixing angle is comparable to recent results coming out
of global analyses of neutrino-electron scattering data at
reactor [21], accelerator [60], and Solar [61] neutrino ex-
periments. Despite not being competitive with existing
results of parity-violating experiments, such a constraint
is extracted for the first time from a low-energy CEνNS
measurement.
III. CONSTRAINTS ON BEYOND-THE-SM
PARAMETERS
A. Nonstandard interactions
One of our main goals in this work is to explore for
potential deviations from the SM expectations. For neu-
tral currents, novel interactions are usually addressed in
the form of vectorial NSIs that arise from the effective
four-fermion operators [42]
OqVαβ = (ν¯αγµLνβ) (q¯γµPq) + H.c. , (7)
with q denoting a first-generation quark q = {u, d},
α, β = {e, µ, τ} representing the neutrino flavor, and
P = {L,R} being the left- or right-handed projector.
The corresponding new couplings, taken with respect to
the strength of GF , can be either flavor preserving (qVαα)
or flavor changing (qVαβ) with α 6= β. Contrary to the
SM case, within this framework the CEνNS cross sec-
tion becomes flavor dependent through the substitution
QVW → QVNSI in Eq. (1), where the NSI charge is ex-
pressed as [27, 28]
QVNSI =(2uVαα + dVαα + gVp )Z + (uVαα + 2dVαα + gVn )N
+
∑
α,β
[
(2uVαβ + 
dV
αβ )Z + (
uV
αβ + 2
dV
αβ )N
]
.
(8)
To account for vector NSIs, in Eq. (6) we replace
the SM number of events NSMνα with N
NSI
V,να
and per-
form a sensitivity analysis in a similar manner to that
discussed in Sec. II. Focusing on only the nonuniversal
terms, through the minimization of the corresponding
functions χ2(uVαα , dVαα) we obtain the sensitivity profiles
shown in the left panel of Fig. 3, assuming one nonvanish-
ing coupling at a time. On the other hand, a simultane-
ous variation of both NSI couplings yields the 90% C.L.
allowed regions illustrated in the upper panel of Fig. 4.
Our present results concerning the (dVee , uVee ) plane are in
excellent agreement with Ref. [1]. In addition to the lat-
ter, the respective limits for the (dVµµ , uVµµ ) plane are also
extracted in this work. Compared to a previous similar
study [40], here a more sophisticated statistical analy-
sis on the basis of two nuisance parameters is adopted.
However, for illustration purposes the corresponding re-
sults obtained by using the method considered in Ref. [40]
are also presented. While we have confirmed their re-
sults through the use of theoretical neutrino energy dis-
tributions, in our work we find two bands for the case of
(dVee , 
uV
ee ) and a single band for the (dVµµ , uVµµ ) parameter
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FIG. 3. ∆χ2 profiles of vector (left panel) and tensor (right panel) NSI couplings, qVαα and TVαα , respectively. Thick (thin)
curves correspond to the νe (νµ + ν¯µ) beam.
space, since we employ the experimental neutrino energy
distributions λνα(Eν).
In the general NSI context, potential new interactions
may also arise through the consideration of tensorial
terms of the form [29]
OqTαβ = (ν¯αγµσµννβ) (q¯γµσµνq) + H.c. (9)
The tensorial structure of NSIs violates the chirality con-
straint and allows a large class of possible new inter-
actions to be explored—such as those related to neu-
trino EM properties—providing a novel avenue to probe
physics beyond the SM at low energies. Contrary to
vector NSIs, in this scenario the absence of interference
between the tensor NSIs and SM interactions is demon-
strated by the respective tensor NSI charge, given by [30]
QTNSI = (2uTαα + dTαα)Z + (uTαα + 2dTαα)N . (10)
Within this framework, the SM CEνNS cross section is
modified in the presence of tensor NSIs and reads(
dσ
dTN
)
SM+NSItensor
= GTNSI(Eν , TN )
dσSM
dTN
, (11)
where the relevant tensor NSI contribution is based upon
the factor
GTNSI = 1 + 4
(QTNSI
QVW
)2 1− MTN4E2ν
1− MTN2E2ν
. (12)
Within this description, we evaluate the number of
events in the presence of tensor NSIs, NNSIT , and de-
fine the associated χ2(dTαα, uTαα) functions, as discussed
previously. Analyzing the recent COHERENT data, the
corresponding sensitivity profiles with regards to tensor
NSIs are presented in the right panel of Fig. 3. Moreover,
through a combined analysis of the relevant exotic cou-
plings the corresponding regions are shown at 90% C.L.
in the lower panel of Fig. 4. We note that the noninter-
ference between the SM-NSI interactions, in conjunction
with the subsequent absence of cancellations between the
SM and tensor NSI rates, results in more narrow bands
compared to the vector NSI case.
B. Electromagnetic neutrino interactions
The discovery of neutrino oscillations constitutes a
unique example of the existence of physics beyond the
SM, indicating a nonzero neutrino mass [62] and hence
the best motivation for considering a wider neutrino in-
teraction picture [41]. On theoretical grounds, massive
neutrinos are well predicted to acquire EM properties,
mainly attributed to the neutrino magnetic moment µν
and the neutrino charge radius 〈r2ν〉. For neutrino-matter
scattering the relevant EM vertex is [56]
Γµ =
q2〈r2ν〉
6
γµ − µν
2me
σµνqν , (13)
where qν is the exchanged momentum and me is the elec-
tron mass. By restricting ourselves to the case of CEνNS,
the differential cross section in the presence of a neutrino
magnetic moment is given by(
dσ
dTN
)
SM+EM
= GEM(Eν , TN )dσSM
dTN
, (14)
where the EM contribution—after neglecting axial effects
due to the odd-A nuclear species of the COHERENT CsI
detector [38]—is obtained through the factor
GEM = 1 + 1
G2FM
(QEM
QVW
)2 1−TN/Eν
TN
1− MTN2E2ν
. (15)
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FIG. 4. Allowed regions at 90% C.L. of the vector (upper panel) and tensor (lower panel) NSI parameters. The left (right) panel
corresponds to the νe (νµ + ν¯µ) beam. For comparison, the respective bounds are also presented by assuming a more simplistic
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The EM charge QEM in this case is flavor dependent and
is expressed in terms of the fine-structure constant aEM
and the neutrino magnetic moment as [6]
QEM = piaEMµνα
me
Z . (16)
The latter causes a ∼ 1/TN enhancement of the total
cross section at very low recoil energies with a character-
istic Z2 coherence compared to the ∼ N2 dependence of
the SM weak charge.
In addition to the neutrino magnetic moment, EM-
related corrections to the SM cross section also arise in
the form of an effective neutrino charge radius through
the following redefinition of the weak mixing angle [63]
sin2 θW → sin2 θW +
√
2piaEM
3GF
〈r2να〉 . (17)
By employing Eqs. (14)–(17) for the relevant CEνNS
cross section, we simulate the expected signal in the pres-
ence of EM interactions at the COHERENT detector. In
the first step, we analyze the data through a χ2 fit and
extract the limits to the effective neutrino magnetic mo-
ment µνα . In the left panel of Fig. 5, the relevant ∆χ2
profiles are presented by assuming individual measure-
ments of the νe or (νµ + ν¯µ) beams, while for compar-
ison the limit for the case of a universal effective neu-
trino magnetic moment µν is also shown. Analogously,
a sensitivity test is performed with respect to the neu-
trino charge radius by fixing the weak mixing angle to
the value sin2 θW = 0.2312, as shown in the right panel
of Fig. 5. The present constraints are expected to be
largely improved with the use of ton-scale detectors [32].
Then, we find it interesting to perform a two-d.o.f.
combined analysis for a set of parameters within the
extended EM neutrino framework discussed previously.
The left panel of Fig. 6 illustrates the allowed region at
90% C.L. corresponding to the (µνe , µνµ) plane, while
the right panel presents the respective allowed region for
the case of the (〈r2νe〉, 〈r2νµ〉) plane. Similarly, the al-
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lowed bounds at 90% C.L. are illustrated in Fig. 7 for
the (sin2 θW , µν) and (〈r2ν〉, µν) parameter spaces, by as-
suming universal EM neutrino couplings. The above con-
straints are competitive to similar ones obtained through
the analysis of Solar low-energy data at Borexino phase-I
and phase-II runs [64]. Furthermore, we note that limits
of this type will be drastically improved in the next phase
of the COHERENT experiment [31], which may provide
insights regarding the Dirac or Majorana character of
neutrinos [65].
C. Sterile neutrinos
Despite the solid evidence on the number of neu-
trino flavors implied by the three-neutrino oscillation
paradigm, existing anomalies (such as those coming from
LSND and MiniBooNE data) as well as the controversial
predictions for reactor neutrino fluxes have motivated a
plethora of phenomenological considerations suggesting
potential additional neutrino generations [34, 35]. In
such theories, the neutrino flavor eigenstates να, α =
{e, µ, τ, s} and the corresponding mass eigenstates νi, i =
{1, 2, 3, 4} are related through the usual unitary trans-
formation να =
∑
i Uαiνi [23]. In this work we restrict
our analysis by considering the simplest (3+1) mixing
scheme, which extends the SM with one additional non-
interacting sterile neutrino state with a mass of the order
of 1 eV2. For short-baseline (SBL) neutrino experiments,
such as COHERENT, the effective survival probability
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FIG. 7. Combined limits at 90% C.L. from the analysis of the COHERENT data for the cases of the weak mixing angle vs
neutrino magnetic moment plane (left panel) and the neutrino charge radius vs neutrino magnetic moment plane (right panel).
The best-fit points are denoted by an asterisk ?.
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for neutrinos or antineutrinos reads [66]
P SBLνα→να(Eν) = 1− sin2 2θαα sin2
(
∆m241L
4Eν
)
, (18)
with the mixing angle sin2 2θαα = 4|Uα4|2
(
1− |Uα4|2
)
and mass splitting ∆m241 = m24 −m21.
For simplicity, in the present analysis we do not distin-
guish between the mixing angles and assume sin2 2θee =
sin2 2θµµ ≡ sin2 2θnew. The extracted bounds with re-
gards to the sterile neutrino oscillation mixing parame-
ters (sin2 2θnew,∆m241) are demonstrated at 90% C.L. in
Fig. 8. Even though within the simplified (3+1) scenario
the status of the current limits is poorly constrained, the
resulting exclusion curves indicate that CEνNS measure-
ments constitute an excellent probe for studying neutrino
mixing beyond the three-neutrino oscillation picture [62].
Furthermore, we note that future measurements at DAR-
pi or reactor-based experiments involving more massive
detectors may be able to improve the present limits by
up to 2 orders of magnitude [36], being competitive with
global sterile neutrino fits from SBL neutrino oscilla-
tion searches [67, 68]. We also stress that, compared to
neutrino-electron scattering, the purely neutral-current
CEνNS process is rather advantageous, since there is
no need to disentangle sterile and active neutrino mix-
ing [33].
D. Vector Z′ and scalar φ mediators
We now turn our attention to frameworks beyond the
SM and consider U(1)′ models in the presence of new
mediator fields that may explain existing anomalies in
B-meson decays at the LHCb experiment [69], and could
also lead to the LMA-Dark solution [12, 14]. While such
contexts have been applied to DM searches, they may
also be accessible at current and future neutrino experi-
ments [37, 39]. In fact, given the lack of an experimen-
tally discovered signal of DM, the recent observation of
CEνNS by the COHERENT experiment offers promising
prospects to probe such scenarios and, moreover, to pro-
vide new insights concerning the neutrino floor at direct-
detection DM experiments [15].
By relaxing possible DM-related terms, in this work
we focus only on the relevant parts that may contribute
to CEνNS and we first consider potential new interac-
tions via a new Z ′ vector mediator with mass MZ′ [38].
Restricting the theory from addressing right-handed neu-
trinos in order to avoid the expected vector-axial-vector
cancellations, we explore the case involving only left-
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FIG. 9. Limits to Z′ vector mediator (left panel) and φ scalar mediator (right panel) parameters at 90% C.L. The mediator
masses are in units of MeV.
handed neutrinos through the Lagrangian [13]
Lvec = Z ′µ
(
gqVZ′ q¯γ
µq + gνVZ′ ν¯Lγ
µνL
)
+
1
2
M2Z′Z
′
µZ
′µ .
(19)
Within this framework, the resulting non-SM cross sec-
tion is expressed as a rescaling of the SM one as(
dσ
dTN
)
SM+Z′
= G2Z′(TN )
dσSM
dTN
, (20)
where
GZ′ = 1− 1
2
√
2GF
QZ′
QVW
gνVZ′
2MTN +M2Z′
, (21)
with gνVZ′ being the neutrino-vector coupling. The corre-
sponding charge due to the presence of the Z ′ mediator
can be cast in the form [15]
QZ′ =
(
2guVZ′ + g
dV
Z′
)
Z +
(
guVZ′ + 2g
dV
Z′
)
N . (22)
Then, focusing on processes mediated via a possible
scalar propagator, the SM is extended in our study to
include a real scalar boson φ with mass Mφ. Assuming
a CP -even mediator, the new interactions arise from the
Lagrangian [13]
Lsc = φ
(
gqSφ q¯q + g
νS
φ ν¯RνL + H.c.
)
− 1
2
M2φφ
2 , (23)
where gqSφ and g
νS
φ denote the scalar-quark and scalar-
neutrino couplings, respectively. The scalar interaction
creates an additive contribution to the SM cross section
as(
dσ
dTN
)
scalar
=
G2FM
2
4pi
G2φM4φTN
E2ν
(
2MTN +M2φ
)2F 2(TN ) ,
(24)
where the scalar factor Gφ is defined as
Gφ =
gνSφ Qφ
GFM2φ
. (25)
The nuclear charge related to the scalar boson exchange
is written in the form [13]
Qφ =
∑
N ,q
gqSφ
mN
mq
f
(N )
T,q , (26)
where the form factors f (N )T,q connect the effective low-
energy coupling of a scalar mediator to the nucleon N =
{p, n} (mN is the nucleon mass) for the quark q.
Assuming universal couplings, one finds the equali-
ties [13]
g2Z′ =
gνVZ′ QZ′
3A
, g2φ =
gνSφ Qφ
(14A+ 1.1Z)
. (27)
Then, we estimate the combined bounds on the novel cou-
plings and mediator masses entering the Lagrangians (19)
and (23) in the context of a two-d.o.f. sensitivity analysis
by minimizing the functions χ2(g2Z′ ,MZ′) and χ
2(g2φ,Mφ)
for the vector and scalar mediators, respectively. In the
left panel of Fig. 9 we show the region excluded by the
COHERENT data in the (MZ′ , g2Z′) parameter space.
A degenerate area is found that cannot be excluded by
the current data, due to the cancellations involved in
Eq. (21). For heavy mediator masses,MZ′ 
√
2MTN ∼
50 MeV, this degeneracy remains unbroken and depends
on the ratio
g2Z′
M2Z′
≈ 2
√
2GF
QVW
3A
. (28)
On the other hand, for light mediator masses MZ′ √
2MTN , there is only a dependence on the coupling,
g2Z′ ≈ 4
√
2GF
QVW
3A
MTN , (29)
9Parameter Limit (90% C.L.)
sin2 θW 0.117 – 0.315
uVee -0.08 – 0.47
dVee -0.07 – 0.42
uVµµ -0.09 – 0.48
dVµµ -0.08 – 0.43
uTee -0.013 – 0.013
dTee -0.011 – 0.011
uTµµ -0.013 – 0.013
dTµµ -0.011 – 0.011
µν 4.3
µνe 5.2
µνµ 4.6
〈r2ν〉 -31.4 – -23.1 and -4.9 – 3.4
〈r2νe〉 -38.0 – -26.6 and -1.4 – 10.1
〈r2νe〉 -39.6 – -27.4 and -0.6 – 11.7
TABLE I. Summary of the extracted constraints on SM and
exotic parameters entering the CEνNS cross section. The lim-
its are written in units of 10−10µB for the neutrino magnetic
moment and 10−32cm2 for the neutrino charge radius.
which may be reduced by combining data from different
detectors [39] and possibly broken in the context of NSIs,
as proposed recently in Ref. [40]. Finally, the right panel
of Fig. 9 illustrates the respective region excluded by the
COHERENT data in the (Mφ, g2φ) plane for the case of
a scalar mediator where, as can be seen, degeneracies are
clearly absent.
E. Status of COHERENT constraints
Before closing, it may be helpful for the reader to sum-
marize the status of the conventional and exotic con-
straints placed by the COHERENT experiment. As-
suming one nonvanishing parameter at a time, the cur-
rent extracted 90% C.L. limits are listed in Table I. For
the weak mixing angle as well as the various NSI cou-
plings discussed, there is a single region corresponding to
∆χ2 = 2.71. On the other hand, two possible regions are
extracted concerning the neutrino charge radius, while
a single value is obtained for the case of the neutrino
magnetic moment.
An improved determination of the weak mixing angle
as well as stronger constraints on NSI and sterile neutrino
parameters are expected after the upgrade of the CO-
HERENT program with ton-scale detectors [32], while
the advanced ultra low-threshold technologies being de-
veloped may provide more severe constraints on neutrino
EM properties, complementary to existing neutrino-
electron data. Further improvements on the current lim-
its are expected in the next phase of the COHERENT
program for both Z ′ and φ mediator fields, enabling val-
idation of the neutrino-floor and detector-response mod-
els relevant to DM searches, while Z ′ can be subject to
other low-energy constraints such as atomic parity viola-
tion and neutrino-electron scattering [70].
IV. CONCLUSIONS
We have simulated the COHERENT spectrum and ex-
plored several aspects of CEνNS within and beyond the
SM, through nuclear physics calculations for the relevant
Cs and I isotopes. Special attention has been paid to var-
ious contributions to neutrino-nucleus scattering arising
within the context of potential NSI, EM neutrino inter-
actions, sterile neutrino mixing models, and the presence
of new mediators. In this work, through a dedicated
sensitivity analysis of the recent COHERENT results,
the weak mixing angle was determined for the first time
from a low-energy CEνNS measurement, constituting an
independent SM precision test. Focusing on the afore-
mentioned beyond-the-SM processes, we quantified the
corresponding new couplings and presented the regions
allowed/excluded by the COHERENT data in the frame-
work of a two-d.o.f. analysis. The latter are complemen-
tary to existing limits extracted from neutrino-electron
scattering data, while a large improvement is expected
from the next phase of the COHERENT experiment on
the basis of a multitarget strategy and more massive de-
tectors. Future CEνNS measurements achieved through
the deployment of different detector subsystems at the
COHERENT suite would be highly efficient at probing
the quark content of nucleons, as well as the neutron
density distribution in the field of nuclei.
We estimate that in the short term stronger
constraints—by up to 2 orders of magnitude—could be
placed from a combined analysis of DAR-pi and ongo-
ing reactor-based CEνNS experiments, with the promis-
ing prospect of breaking present degeneracies in NSI
and Z ′ models which are very relevant in oscillation
and supernova physics, B-meson decay, and DM studies.
The state-of-the-art ultra low-energy detector technolo-
gies employed in the relevant projects have the capability
to probe EM neutrino properties which may lead to new
insights in theoretical models of neutrino mass, while the
upcoming CEνNS measurements may offer remarkable
probes of sterile neutrinos, competing with existing SBL
neutrino oscillation searches.
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